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Abstract- Designing of integrated circuits under low voltage low power condition is becoming an indispensible issue in
today’s era. Reducing the power consumption and power supply voltage is the key challenge as it makes certain about
reliability of device, averts overheating of the circuits and extends the battery for portable electronics, battery powered
implantable and wearable medical devices. Small size and light weight devices are in demand in modern span. Various
innovative techniques and methods have been suggested and implemented in literature to decrease the power
consumption and enhance the speed by changing the base material of the chips from traditional Silicon to 111-V material
like Gallium Arsenide. Non-conventional techniques have played pivoted role in minimizing the design complexity and
drive the power supply voltage towards the threshold voltage of MOS transistors. This paper presents the operation
principle, advantages and disadvantages of non-conventional analog circuit design techniques such as Bulk driven
technique, Floating gate technique and Quasi Floating gate technique, thus enabling circuit designers to select the
proper design technique based on application requirements.

Index Terms- Bulk driven, Floating gate, Quasi floating gate, complementary metal oxide semiconductor (CMOS),
low voltage low power (LVLP)

1. INTRODUCTION
The increasing usage of portable devices and the
need to reduce power usage has led to an inclination
towards development of new techniques to alleviate
this problem [1]. Attaining Low voltage Low power
operation through a variety of non-conventional e
analog circuit design techniques has been discussed
in this article.
Advanced semiconductor technology (BiCMOS)
combine bipolar junction transistor and CMOS
transistor in a single IC and merge the benefits of
both transistor types. Speed over purely bipolar
technology is improved by this technology and
provides  lesser  power  dissipation  over
purely CMOS, high analog performance, and smaller
size of IC with high reliability. But this technology
involve additional steps of fabrication which raise
the process cost [1-2].

technology possesses some advantages such as

smaller layout area, ideal device isolation and high

speed of switching and lesser power consumption.

However, fabrication process of this technology is

more costly [1, 3].

In CMOS technology both p-channel MOSFET and n-
channel MOSFET are used in a complementary way on
the same substrate. CMOS technology is widely used
in the fabrication of conventional microchip because it
is less expensive than BiCMOS and SOI technologies
and therefore resulting in better performance, high
density and lesser power dissipation. The supply
voltage is reduced in order to make sure about the
device consistency as the MOS transistor dimensions
are shrunk. Since devices with higher value of
threshold voltage have higher value of noise margin
and smaller leakages therefore, the threshold voltage is
not scaled down by the same amount [4]. The

Under SOI (Silicon on insulator) technology, by Si
oxidation or by oxygen implantation
into Si a layer of silicon dioxide is implanted below
the surface. Buried
oxide (BOX) is termed as the implanted silicon
dioxide by which parasitic capacitance is minimized
and the performance of the device is enhanced. This

main drawback in LV LP analog circuit design is high
value of the threshold voltage. Many techniques are
used to overcome this limitation based on CMOS
technology. The threshold voltage is decreased by
making use of these techniques [1].
The most commonly used techniques for LV LP analog
circuits design are:
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Level shifter technique [3].

Rail-to-rail operating range circuits [5-6].

Weak inversion MOSFET [7].

Bulk driven technique [4, 29, 30, 31, 32, 33, 9, 34,
35, 36, 37, 38, 39, 40, 41, 42, 43].

Floating gate technique [3, 8, 9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19].

Quasi floating gate technique [20, 21, 22, 23, 24, 25,
26, 27, 28].

Non-conventional analog circuit design techniques
are Bulk driven, Floating gate, Quasi floating gate
technique and they provide benefits such as
simplicity in design and
ability to work under LV LP condition with
sufficient circuit’s performances. Circuits based on
these techniques are apt for ultra LV LP application
as battery-powered implantable and wearable
medical devices [1].

2. NON-CONVENTIONAL TECHNIQUES

2.1 Bulk Driven Technique

MOS transistor is having four terminals named as
Drain “D”, Gate “G”, Source “S” and Bulk “B” and its
cross section is shown in Fig.l. For P-type MOS
transistor, the Bulk terminal “B” is connected to
positive supply voltage and for N-type MOS transistor,
this terminal is connected to the negative supply
voltage, depending on the type of technology used. The
bulk terminal “B” is generally neglected and not used
as a signal terminal and therefore, many of the
applications are unobserved. The fundamental concept
of this technique was initially discussed in [1, 32].
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Figure 1.Bulk Driven Technique [1]

In order to form an inversion layer under the gate oxide,
the gate-source voltage must be put to a proper bias voltage
in this design technique. In the Bulk terminal “B”, the
input signal is supplied. The working of this design
technique is very much similar to that of JFET [1]. Using a
positive feedback, the small transconductance of the bulk-
driven devices is increased and the noise performance is
also improved [44].

The threshold voltage constraint is detached from the path
of the signal which enhances the available signal swing
due to depletion transfer characteristic of the BD MOS
transistor [45].

The polarity of the bulk driven MOS transistor is
technology related. This may bound its applications. For
example, a dual well process is required to realize rail-to-
rail bulk driven op-amp. This process is more costly and
larger chip area is needed [46].

2.2 Floating Gate Technique

Nowadays, many innovative and significant LV LP
applications have been designed using the floating gate
technique [1,10,11,12,13,14,15,16,17,18,19] because of the
adjustable threshold voltage. The most important
application of the Floating gate analog design technique
was to pile up information in digital memories and flash
memories [17]. The representation of the Floating gate
MOS transistor with two control gates and its analogous
circuit is shown in Fig.2. The gate in floating gate MOS
transistor is fabricated using the polyl layer and is left
floating. Gin and Gbias are two control gates that are
formed using the second poly layer. At the second control
gate ‘Gin’, the input signal is provided and balances the
inversion layer and therefore, controlling the drain current.

Figure 2.Floating Gate Technique [1]

Floating gate MOS is well-compatible with standard
double-poly CMOS process technology and its application
in designing Digital to Analog (D/A) and Analog to
Digital (A/D) converters [47].

To lower the power dissipation and enhance the
system consistency, lowering power supply voltage is

the most competent method [48]. To make use of
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floating gate MOS transistors for threshold
modification in tunable resistor, current mode divider
and variable transresistance amplifier is explored
[48].The floating gate analog design technique is used
to supply operation at low voltage [49]. The Floating
gate MOS transistor with multiple inputs can be

achieved by
the gate electrode which extends over the channel
[49].

2.3 Quasi Floating Gate Technique

There are many research articles which describe
significant implementations of the Quasi floating gate
MOS transistor in Low voltage Low power
applications [1, 20, 21, 22, 23, 24, 25, 26, 27, 28]. The
Quasi floating gate MOS transistor emerges as an
extended form of Floating gate MOS transistor in order
to overcome its limitation. The comparatively large
bias capacitance value of the Floating gate MOS
transistor results in enhancement in the silicon area,
effective transconductance and Gain Bandwidth
product (GBW) are reduced. Using the Quasi floating
gate MOS transistor, there is reduction in the occupied
chip area and the initial charge is no longer a
bottleneck [8]. Depending on the transistor type, the
floating gate is tied through a large value resistor to a
proper bias voltage. Fig.3 and Fig.4 shows the
equivalent circuit of QFG MOS transistor with single
input terminal. Practically, a leakage resistance ‘RIkg’
of a diode connected MOS transistor ‘MR’ is
implemented rather than a typical resistor [1].

Figure 3.Quasi Floating Gate Technique [1]

Figure 4.Quasi Floating Gate Technique [1]

Bulk driven, Floating gate, Quasi floating gate are the
modern analog circuit design techniques and their
compositions are used to solve the high threshold voltage.
The input common mode range is increased while
maintaining other circuit's performance [50].

The Quasi floating gate MOS transistor and Floating gate
MOS transistor both are very similar. There are few
differences about DC biasing point between Floating gate
and Quasi floating gate. In Floating gate MOS transistor,
the DC biasing point for the transistor is left suspended
and the gate of Quasi floating gate MOS transistor is not
left suspended at DC. Moreover, resistor of large value is
connected to the gate terminal “G” and then coupled to
power supply. In other words, the gate terminal “G” is
attached to Vpp (Vss) through a large valued resistor for
NMOS (PMOS) transistor. There is another issue about
quasi floating gate MOS transistor. It is recognized that
fabrication of resistor having large value in CMOS process
is not easy and expensive. It will further result to the
increase in chip area as well as cost of manufacturing [20].

3. BENEFITS AND LIMITATIONS
3.1 Bulk Driven Technique

Benefits of using the Bulk driven technique are as given

below:

e Requirements of threshold voltage are removed [1].

e It is appropriate for the circuits in which the signal
swings all the way. It can also be designed by the
basic MOSFET [1].

e DC and AC can be processed over the Floating gate
and Quasi floating gate processes AC only [1].

Limitations of using the Bulk driven technique are as
given below:

e The value of transconductance and transition frequency
is small as compared to gate driven technique. Input
noise is more [1].

e Twin well process is used when both P-type and N-
type MOS transistors are used like Bulk driven MOS
transistors and that will increase the process cost and
chip area is increased [1].

e Analog circuits having tight matching between Bulk
driven MOS transistors are complicated to fabricate
because Bulk driven MOS transistors are fabricated in
different wells [1].

e Problem of short circuit may occur [1].

3.2 Floating Gate Technique

Advantages of using the floating gate technique are as
follows:
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e  Multi-input terminals are possible.
According to the requirements of specific
application, threshold voltage can be adjusted [1].

e Itis useful in where ultra low voltage and ultra low
power operations are performed [1].

e |t can be made up in any of the MOS technology
and double poly technology is suggested for better
performance [1].

Disadvantages of using the floating gate technique are
as follows:

e The bias and input capacitances have reasonably
large values so more area is taken over the Gate
driven MOS transistors. [23, 27].

e In the Floating gate, there is unsure amount of
cumulative initial charge [1].

e In comparison with Gate driven MOS transistors,
there is reduction in the value of effective
transconductance and output impedance [1].

e The transition frequency is small and therefore
bandwidth is also small [1].

3.3 Quasi Floating Gate Technique

Pros of quasi floating gate technique are as under:

e At the floating gate, there is no initial charge
trapped [1].

e  Smaller chip area is occupied [1].

e  Effective transconductance is more [1].

Cons of quasi floating gate technique are as under:

e Higher effective output conductance than the
effective output conductance of Floating gate
MOS transistor and the output conductance of
Gate driven MOS transistor [1].

e Floating gate voltage must not go beyond the knee
voltage [1].

4. CONCLUSION

Reducing the voltage supply and minimizing the
power consumption becomes main concern for
portable electronics and devices of battery-powered
implantable. This paper presented the principle,
benefits and limitations of non-conventional analog
circuit design techniques for LVLP analog circuit
so that suitable technique can be use for dedicated
analog circuit design. These techniques provide
some desirable features such as simple design with
better output, low voltage low power operation,
and few undesirable features such as the lowering
of the gain bandwidth product (GBW), output

impedance and transconductance (in floating gate
and quasi floating gate technique case).
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